Positive end expiratory pressure has been a standard technique for impyoving the oxygenation of ventilator dependent infants since Herman and Reynolds' described its beneficial effects in neonates with idiopathic respiratory distress syndrome. In the intervening 10 years, further work has confirmed that positive end expiratory pressure probably exerts its effects on oxygenation by raising mean airways pressure.2 It has also been shown to be more efficient in producing a rise in arterial oxygen tension (Pao2) for a given increase in mean airways pressure than increasing inspiratory to expiratory ratios.3
Herman and Reynolds' also noticed that positive end expiratory pressure produced a rise in arterial carbon dioxide tension Paco2 which they felt was the result of a reduction in tidal volume and relative hypoventilation. Measurements supporting this hypothesis were made on the excised lungs of babies who had died from idiopathic respiratory distress syndrome. These measurements showed the presence of an inspiratory opening pressure of 10 to 15 cm H20 which could be abolished or reduced by the use of an end expiratory pressure.45
Increasing awareness of both the morbidity associated with the use of ventilators in the newborn and of the changing pattern of neonatal respiratory disease away from classic idiopathic respiratory distress syndrome has led to the use of lower levels of positive end expiratory pressure than in the early 1970s. We decided, therefore, to review the role of positive end expiratory pressure as it is currently applied, in terms of its effect on gas exchange and on effective ventilation.
Subjects and methods
Subjects. Twenty nine studies were performed on 22 babies, 15 (21 studies) of whom were diagnosed as having idiopathic respiratory distress syndrome and seven (eight studies) of whom were being ventilated for problems relating to apnoea of prematurity.
Ventilator rates ranged from 17 to 100 breaths per minute (mean 54). No babies were sedated or paralysed.
Details of the babies are given in Table 1 . All babies were ventilated on Draeger Babylog infant ventilators (time cycled pressure limited). Portex shouldered endotracheal tubes were used (size 2-5 or 3-0 mm) in all studies. Gas leak around the shouldered endotracheal tubes was not present in any study. (1) Tidal volume; (2) Inflation pressure;
(3) Minute volume; (4) Rate; (5) 'Compliance'; this was derived by the com puter using the mean of the inspiratory and expiratory volume and pressure signals. This value should represent a true measure of lung stiffness in those studies in which the baby is not breathing and in which inflation time is sufficiently long to allow tidal volume to plateau.
All calculated values represent the mean of breaths occurring over at least 30 seconds. Where spontaneous respiration prevented any computer analysis, calculation of tidal volume, inflation pressure, minute volume, and rate was made from the paper trace using a similar number of breaths.
In addition, at each setting we also derived mean airways pressure (measured direct from the paper trace) and effective ventilation (calculated by subtracting an estimated dead space of 2-2 ml/kg from the tidal volume. This value is an approximation using information from infants who had not been intubated).
Methods. Each baby was studied by DF We excluded all studies in which there was a change in peak pressure as a result of our manoeuvres, or in which positive end expiratory pressure could not be reduced to less than 1 cm H20.
Results
In 20 studies (15 in infants with idiopathic respiratory distress syndrome and five in infants ventilated for apnoea of prematurity) the infants were making no spontaneous respiratory efforts. Ten of these babies had had positive end expiratory pressure included in their initial settings and 10 had only minimum positive end expiratory pressure when first measured. Details of changes in mean airways pressure, tidal volume, minute volume, effective minute ventilation, TcPo2 and TcPco2 for these infants are shown in Table 2 . The mean standard errors for measurement of inflation pressure and tidal volume in the group with idiopathic respiratory distress during minimum positive end expiratory pressure were 0*04 cm H20 and 0-16 ml respectively; during positive end expiratory pressure volumes were 0 04 cm H20 and 0-15 ml respectively. In the apnoea of prematurity group, mean standard errors for inflation pressure and tidal volume during minimum positive end expiratory pressure were 0*01 cm H20 and 0 18 ml respectively; during positive end expiratory pressure values were 0*01 cm H20 and 0.08 ml respectively.
In four of these studies on babies with respiratory distress syndrome, a dramatic fall in TcPo2 accompanied the reduction of positive end expiratory pressure to minimum. Stable values for transcutaneous gases could not be obtained at these settings without an increase in inspired oxygen. The TcPo2 value used to calculate a mean for the respiratory distress syndrome group at minimum positive end expiratory pressure was the lowest TcPo2 measured before the inspired oxygen was increased. The mean is therefore an underestimate of the true fall. Transcutaneous Po2 rose by 5% or more in 14 of the 20 studies after the introduction of positive end expiratory pressure. Transcutaneous Pco2 rose by 5% or more in nine of the 20 studies. This increase is less than one would have predicted either from the fall in minute volume or effective ventilation. (Table 2) .
Compliance values were also calculated in the 20 studies during which there was no spontaneous breathing. A consistent trend was found towards reduced compliance during ventilation with positive end expiratory pressure. For the group of 20 infants as a whole, compliance fell on 15 occasions and was unchanged in the remainder (mean compliance for 20 studies during positive end expiratory pressure 0-57 ml/cm H20; mean compliance during minimum positive end expiratory pressure 0-65 ml/cm H20; P=0*001 paired t test). The mean standard error for compliance measurements during both positive end expiratory pressure and minimum positive end expiratory pressure was 0-01 ml/cm H20. In nine studies (six in babies with respiratory distress and three in babies with apnoea) babies were making active respiratory efforts, and the results are shown in Table 3 . Trends are in keeping with the group in which we observed no spontaneous respiration. The mean standard errors for measurements of inflation pressure and tidal volume in the respiratory distress syndrome group during minimum positive end expiratory pressure were 0-22 cm H20 and 0-25 ml respectively; during positive end expiratory pressure values were 0-13 cm H20 and 0-2 ml. For the apnoea group mean standard errors for inflation pressure and tidal volume during minimum positive end expiratory pressure were 0-33 cm H20 and 0-4 ml respectively, during positive end expiratory pressure values were 0-13 cm H20 and 0.2 ml respectively.
Discussion
In this study we have tried to address two particular points relating to the use of positive end expiratory pressure in idiopathic respiratory distress syndrome. Firstly, to determine whether the use of low levels of positive end expiratory pressure, the pattern used in current clinical practice, has any important effects on blood gases. Secondly to try to gain some information on the effects of positive end expiratory pressure on the pressure/volume characteristics of the lung. We wished to make our measurements in the normal clinical settings and therefore kept the amount of handling and the number of ventilator changes carried out to a minimum. As a result of these constraints, and despite choosing seemingly stable infants, we were hampered on a number of occasions by the rapid clinical fluctuations that are commonly seen in the critically ill neonate.
We chose to present the data divided into 'breathing' and 'non-breathing' groups since respiratory efforts of any sort would obviously have affected volume and pressure measurements. We found, however, the group of infants who were not breathing spontaneously remarkably consistent on each setting, both in terms of their transcutaneous gas readings and the lung function measurements. In these infants, 'excepting the four studies in which minimum positive end expiratory pressure was not tolerated, we were able at each setting to reach a clear end point of change in transcutaneous gases with an alteration of, at most, 1 mm Hg over six minutes (three consecutive readings (compliance) at low lung volumes. Therefore, if one eliminates the high compliance, bottom end of the expiratory limb of the pressure/volume curve by the use of even small levels of constant positive airways pressure or positive end expiratory pressure compliance will inevitably be reduced.
In conclusion we feel that positive end expiratory pressure remains a useful ventilator manoeuvre, usually producing a rise in Po2 for a relatively small increase in Pco2. The efficiency is limited since the baby is then ventilated on a less compliant part of the pressure/volume curve. Whether this change is important in the production of bronchopulmonary dysplasia needs further consideration.
Similarly there is currently very little information in the preterm infant relating to the effects of positive end expiratory pressure on cardiac output. This is known to fall in adults'3 14 after the use of positive end expiratory pressure and such a fall may be, in part, responsible for the changes we have measured. 
